Objectives: The length of the third stage of labor is correlated with blood loss following a vaginal delivery. We aimed to accurately measure blood loss following a vaginal delivery and examine the relation between blood loss and length of the third stage of labor.
P ostpartum hemorrhage (PPH), defined as blood loss exceeding 500 or 1000 mL after vaginal or cesarean delivery, respectively, is a leading cause of maternal mortality. [1] [2] [3] Worldwide, >800 women die each day from pregnancy-related complications, 4 and 16% to 37% 5 of those deaths are attributable to PPH. There are several risk factors for PPH, including a prolonged third stage of labor. [6] [7] [8] [9] [10] [11] A prolonged third stage of labor is a clear risk factor for PPH; however, "prolonged" is not well defined. Traditionally, if the placenta has not delivered spontaneously by 30 minutes, then manual removal is recommended 12, 13 ; however, Magann et al looked at 335 consecutive cases of PPH and determined that the optimal duration of the third stage should not exceed 18 minutes. 8 In another study, investigators randomized patients to manual extraction of the placenta at 10 or 15 minutes to determine whether a shorter third stage would reduce the risk of hemodynamic compromise. Patients in the 15-minute group were more likely to experience hemodynamic compromise (19.2% vs 6.4%). 14 Another difficulty is accurately determining blood loss. Estimates are notoriously inaccurate. [15] [16] [17] [18] [19] Razvi et al prospectively compared visual estimates to laboratory values and found that blood loss often is overestimated or underestimated when true blood loss is minimal or excessive, respectively. 19 Bose et al 15 and Dildy et al 16 independently published work describing the use of clinical scenarios with known blood volumes to help improve visual blood loss estimates. These studies evaluated total blood loss, irrespective of the duration of the third stage of labor, however. The purpose of the present study was to accurately measure blood loss following a vaginal delivery and examine its relation with the duration of the third stage of labor.
Methods
This was a prospective, observational study, approved by the University of Arkansas for Medical Sciences institutional review board. We included all patients ≥24 weeks' gestation with singleton pregnancies undergoing a vaginal delivery, including vaginal birth after cesarean. The method of blood loss calculation described below became the standard procedure on the labor and delivery unit in June 2014. Patients were enrolled from July 2013 to December 2015. Informed consent was obtained before June 2014 and waived after this date.
Blood Loss Calculation
Blood loss was measured from the time of delivery of the infant until the delivery process was complete (ie, the delivering provider had taken the patient down from the stirrups and was ready to exit the room). This included bleeding during the third stage of labor as well as any blood loss following delivery of the placenta. The duration of the third stage of labor was measured in the usual fashion: from infant delivery to placental delivery. We included blood loss from lacerations unless the patient was taken to the operating room for repair (eg, fourth degree). We calculated blood loss by measuring blood collected in the plastic collecting drape, the placental basin, and weighing sponges and laparotomy pads. Dry weights of the latter were obtained previously. At the time of delivery, we attempted to capture amniotic fluid in a separate basin, which was not included in the blood loss calculation.
When the study was initiated, we trained all of the delivering providers on the above method for measuring blood loss. This method was applied to all of the study subjects and at the providers' discretion for nonstudy subjects. Once all of the providers were trained, this method became standard procedure on the labor and delivery unit, and all patients' blood loss was calculated in this fashion.
Third-Stage Management
After delivery of the neonate, the placenta was delivered with gentle cord traction and fundal pressure. Oxytocin was not routinely given until after the placenta was delivered. Our protocol was to manually extract the placenta if it had not delivered in 30 minutes or if excessive bleeding was noted. After delivery of the placenta, patients received oxytocin (20 U intravenously within 1 L of normal saline) and fundal massage. The use of additional uterotonics was left to the discretion of the delivering provider. All of the patients admitted to the labor and delivery unit had a complete blood count obtained on admission and on their first postpartum day (12-24 hours after delivery).
Statistical Plan
Descriptive statistics were used to describe the patient population. Means and standard deviations or frequencies and percentages, as appropriate, were calculated for quantitative patient characteristics. Given that the primary variables of interest, namely estimated total blood loss and length of the third stage of labor, were positively skewed, median and interquartile range (IQR) were reported. Spearman correlation coefficient and graphical examination were used to evaluate the association between calculated total blood loss and length of the third stage of labor. There was no linear relation; therefore, a second-degree polynomial regression model was used to examine their potential nonlinear relation.
To account for skewness of calculated total blood loss, we applied a natural log transformation. Initially, we modeled the relation of log-transformed total blood loss as a function of mean-centered length of the third stage of labor and the square of mean-centered third stage of labor. We mean-centered the length of the third stage of labor to allow for meaningful interpretation of the intercept when the predictors are set to zero and to reduce collinearity among the predictors. Next, we examined the relation between total blood loss and the length of the third stage of labor while adjusting for key maternal characteristics (Table 1) . To obtain a parsimonious statistical model, we applied the least absolute shrinkage and selection operator model selection procedure based on the Akaike Information Criterion. 20 As with duration of labor, all of the continuous predictors were mean-centered. As a secondary analysis, we examined the relative risk (RR) of PPH as defined by vaginal blood loss in 21 In addition, a modified multivariable Poisson regression model was used to obtain the adjusted RR of PPH for mothers with a third stage of labor >15 minutes while adjusting for the same set of maternal characteristics retained in the multiple regression analysis. 22, 23 Finally, as an exploratory analysis, we compared the expected amount of total blood loss and duration of the third stage of labor between term (≥37 weeks' gestational age) and preterm deliveries (<37 weeks' gestational age) using the Wilcoxon rank sum test. All of the analyses were carried out using statistical software SAS version 9.3 (SAS Institute, Cary, NC).
Results
We enrolled 600 patients. Table 1 lists the descriptive characteristics of the study participants. Half of the patients were white, with a mean age of 26 years and a mean body mass index of 31 at the time of admission for delivery. The preterm delivery rate was 14.8% and four patients required manual extraction of their placenta. Thirty-one patients (5.2%) had blood loss exceeding 500 mL, whereas 4 had >1000 mL blood loss. Total blood loss was highly right-skewed (ie, the distribution of blood loss was concentrated on the left). Median blood loss was 125 mL (IQR 175), whereas the median length of the third stage labor was 5 minutes (IQR 4). Of the 600 patients, 361 (60.17%) delivered the placenta within 5 minutes, 23 (3.83%) required >15 minutes, and 1 had a third stage of labor of 25 minutes.
The scatterplots found in the Figure describe the form, direction, and strength of the relation between total blood loss and the third stage of labor. The Figure displays the relation between the third stage of labor and total blood loss based on this original scale (Fig. A) . Because the data are highly skewed, we performed a natural log transformation, which is shown in Fig. B. With a careful examination of Fig. B , the display suggested that a quadratic model may adequately describe the relation between natural log-transformed total blood loss and duration of the third stage of labor. The results of the unadjusted second-degree polynomial regression model are presented in Table 2 . The model based on the mean-centered third stage of labor and the squaring of this term provided an adequate fit of the data, with both linear and quadratic terms being highly significant (P < 0.001) and adjusted R 2 = 0.48. The variable selection model based on least absolute shrinkage and selection operator retained length of the third stage of labor, the squaring of the length of third stage of labor, maternal age, body mass index at delivery, and length of the first stage of labor. The results from the multiple regression model are found in Table 2 . Again, both the linear and quadratic for length of the third stage of labor remained highly significant (P < 0.0001). Despite the inclusion of additional maternal characteristics as independent variables, the overall model fit improved minimally.
In Table 3 , the RR of PPH for those individuals with the third stage of labor at >15 minutes was similar for the unadjusted and adjusted models. More specifically, mothers whose third stage of labor exceeded 15 minutes had approximately 15.8 times the risk of PPH compared with those with a third stage of labor ≤15 minutes. In other words, mothers with a length of the third stage of labor >15 minutes had a 1580% increase in the risk of PPH.
In Table 4 , the Wilcoxon rank sum test indicated that total blood loss was greater among term deliveries (median 130 mL) than it was for preterm deliveries (median 100 mL), with P = 0.0263. In addition, the differences in the duration of the third stage of labor were statistically significant (P = 0.0120) across the two groups, with a median time of 4 minutes for the preterm delivery cohort and 5 minutes for the term group, respectively.
Discussion
In our study, the median duration of the third stage of labor was 5 minutes and only 23 of the 600 patients (~4%) had a third stage of labor >15 minutes. These numbers are consistent with the published literature. In separate studies by Dombrowski 24 In a prospective analysis of 1600 patients, the median duration was 4 minutes, and only 0.5% of patients had not completed the third stage by 20 minutes. 7 Of note, the use of oxytocin before placental delivery was rare in these studies, including our own.
In the 1960s, Pritchard published data on the average blood loss of women during delivery, setting the standard for what we consider the norm. 1 At the same time, Newton and colleagues studied 100 women and determined blood loss to be 339 mL (±313). 25 Other studies have demonstrated similar amounts of blood loss. 25 We designed our study to meticulously calculate blood loss, and our results are similar to the aforementioned studies.
Besides accurately calculating the blood loss following a vaginal delivery, we also aimed to examine the relation between the length of the third stage of labor and blood loss. We found the relation to be curvilinear with an eventual plateau once the third stage reached 20 minutes. In the first several minutes of the third stage, blood loss increases significantly per minute. At 15 minutes, if the placenta remains undelivered, then those women have approximately 16 times the risk of having blood loss >500 mL compared with those whose placenta was delivered before 15 minutes. The strengths of our study include the large number of subjects and generalizable population. Ours is one of the larger studies specifically looking at quantifying blood loss, and patients were recruited from a university hospital setting. In addition, because our method of calculating blood loss was the standard procedure in the labor and delivery unit, there was consistency in the calculations among providers. One specific limitation is that despite the meticulous attention to blood collection, there was certainly some addition of amniotic fluid and loss of accountable blood.
Based on these data, delivery of a retained placenta should be considered at 15 minutes as opposed to the recommended expectant management of up to 30 minutes. The extended time has minimal benefit and, more important, may increase maternal blood loss by as much as two times.
Conclusions
Accurately determining blood loss at delivery is critical in managing patients. The majority of parturients are young, healthy women who can sustain large amounts of blood loss before exhibiting hemodynamic instability. 24 In addition, the physiologic adaptations of pregnancy are able to compensate for excessive blood loss; therefore, intervening at the time of hemodynamic instability often is too late. These characteristics, along with inaccurate estimates of blood loss, may lead to an underestimate of the actual blood loss with a subsequent delay in an intervention or an overestimation with an unnecessary intervention.
This study provides additional data regarding accurate measurements of blood loss following a vaginal delivery and the relation between these measurements and the duration of the third stage of labor. Future research is planned to examine other factors' relation to blood loss and eventually create a mathematical model to help predict PPH.
